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Abstract 
Nuclear data are of fundamental importance in studies of nuclear technology such as the design of fission power 
plants, fusion devices and accelerators. The large amounts of data required are stored in computer readable formats 
in data libraries and include the general purpose files used for neutronics calculations. The other class of libraries 
are special purpose ones containing decay data and cross sections for dosimetry and activation. This paper gives 
examples of available data and discusses some needs for various applications. The focus  is on neutron-induced 
activation with examples of how the reactions of particular importance can be identified. All data should be 
accompanied by estimates of uncertainty. The climate of budget cuts worldwide means that the greatest nuclear 
data need is for resources to continue production of compiled and evaluated data essential for nuclear technology.  
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1. Introduction 
    All studies of nuclear technology depend on nuclear data. In order to study the operation and performance of 
fission power plants, fusion devices and accelerators, simulation codes must have available a wide range of 
nuclear data such as cross sections and decay properties for all the materials of interest in the device. This is a 
simple and obvious statement, but it implies many tasks that require considerable expertise, time and resources 
to achieve. This paper will concentrate on the status of nuclear data and gives examples of where these need to 
be improved for applications such as advanced fission reactors and future fusion devices. Nuclear data are so 
fundamental that other experts involved in the design of such devices tend to assume that all of the data are 
available and adequate. Indeed, in many cases data files for the materials of interest exist, but they are often 
incomplete, certainly when considering the more advanced applications. Examples of the incomplete nature of 
the data and efforts to address them are given. 
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    The production of data libraries for applications consists of several steps. These include data measurements, 
model calculations and production of formatted files using state-of-the-art code systems like EMPIRE [1] and 
TALYS [2] and processing followed by testing using integral benchmarks. The evaluation process is also 
iterative, in the sense that these steps need repeating as new data become available or errors are identified.  
    In the following sections some examples of various data libraries are described, and the types of data that a 
complete file should contain are addressed. Some of the data needs for various applications are considered, 
particular attention is paid to activation data where it is first necessary to identify the nuclides and reactions that 
are important before considering the status of the data. 
2. Data libraries  
2.1. General purpose data 
    The most important data files are described as ‘General purpose’ and contain descriptions of the reactions of a 
target with an incoming particle such as a neutron. Details of the reactions such as (n,2n) or (n, ) are given as 
cross sections at a range of energies (10-5 eV – 20 MeV used to be standard, but modern files may extend to 200 
MeV), in the form of information on energies and angles of emitted particles, gamma emission and resonance 
parameters. In addition, it is increasingly recognised that files should contain detailed uncertainty information, 
preferably as covariance matrices.   
    Such a general purpose file will (following processing) be used by neutronics codes to calculate the movement 
of neutrons from a source (such as a fissioning actinide nucleus or a fusing plasma) through the structure of the 
device with the flux values and energy distributions being found at a set of points or regions. These values are 
used to determine important physical quantities such as dose rates, heat production, activation, tritium 
production, temperatures and material damage. These quantities determine the dimensions and detailed design of 
the device and whether it is safe, economic and maintainable. These important en gineering considerations thus 
depend critically on the quality of the nuclear data; inadequacies in the data are usually dealt with by safety 
margins that make the device bigger, more expensive and less efficient. It can thus be seen that large amounts of 
money can be saved by relatively small expenditures on improvements to the nuclear data. Such a statement 
appears obvious but it is a fact that it has never been followed through systematically by industry or governments 
probably because of the long term nature of the work and the lack of suitable items in budgets. Much of the 
production of data libraries is done in an ad hoc fashion often relying on voluntary contributions, actually it 
needs to be recognised that improving nuclear data is an extremely cost  efficient way of improving the design of 
all nuclear technology. 
    What are the choices of general purpose files available now? There is no universal file but rather a set of 
regional libraries developed with the priorities of the particular geographical regions determining the scope of 
the data. The ENDF/B-VII.0 file [3] is developed by the USA, the JEFF-3.1.1 file [4] is produced by the OECD 
countries (primarily Europe), JENDL-4 [5] is the Japanese library, CENDL-3.1 [6] is the Chinese and 
ROSFOND 2010 [5] is from Russia. An attempt to extract the best data from all of these for fusion applications 
has been made by the IAEA, currently FENDL-2.1 [8] is available but this is planned to be replaced by FENDL-
3 at the end of 2011. In addition to these evaluated files, which are based on evaluations made at different times, 
with a range of methodologies and are typically ‘incomplete’ in some way; there exist files such as TENDL-
2009 [9] which are complete and of uniform quality but are based on calculations (b y the TALYS [2] code) and 
do not take into account all available experimental data. The evaluations are typically reissued at a frequency of 
5-10 years, but it must be remembered that only some of the ‘more important’ materials are updated, some 
evaluations have remained unchanged through many versions. In addition many evaluations are used by several 
different libraries, and so there are relatively few ‘independent’ evaluations. 
2.2. Decay data files 
    In addition to information on reactions discussed above most applications need to have information on the 
decay properties of nuclides produced by interactions of particles such as neutrons with the various materials of 
the device. Such information is held in a ‘Special purpose’ library of decay data. An example is the JEFF-3.1.1 
decay data library [10]. More detailed information on the energy levels in each nuclide (structure data) are 
available in the ENSDF library [11], and parts of this relevant to calculations of reactions can be found in the 
RIPL database [12]. In the JEFF-3.1.1 decay data file information on half-lives, decay modes and energy release 
are given in the ENDF-6 format. As in the case of general purpose files the decay data are not complete, for 
example many nuclides have a mean gamma energy release but no details of the gamma spectrum. In addition  
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uncertainty information is typically restricted to variance data on half-lives and mean energy release and will 
need extension in the future. 
2.3. Dosimetry files 
    For the investigation of neutron spectra there is a need for very accurate cross sections as a function of energy 
for a range of reactions with various thresholds. By measuring the amounts of the daughters of these reactions 
produced in a set of irradiated foils it is possible to determine the neutron energy distribution (spectrum). The 
unfolding codes such as SAND-II [13] also require high-quality covariance matrices for the reactions. The most 
well known dosimetry library is IRDF-2002 [14] produced by the IAEA, which covers 66 reactions. While this is 
most suitable for fission reactor studies, there are an increasing number of fusion applications where reactions 
with energy thresholds above 20 MeV need to be available. The IAEA NDS project to update IRDF-2002 and 
make it more suitable for fusion applications by increasing the number of reactions extending to higher energies 
is ongoing and a new International Dosimetry Library (IDF) is expected at the end of 2011. 
2.4. Activation  files 
    The response of materials to irradiation is calculated using data from another special purpose library, termed 
an activation file. For the general purpose files it is necessary to include data for only the stable isotopes of the 
major elements. However, for material responses a wider range of targets is needed as impurities and even long -
lived radioactive nuclides can react with the neutrons producing important daughters. Thus activation files need 
to cover about twice as many targets as are given in the general purpose files but for each only cross sections as a 
function of energy are required and then only for reactions producing distinct daughters (thus elastic reactions 
are not considered in an activation library). 
  Activation data are particularly important for fusion applications; this is because the lack of actinides and 
fission products means that activation is the primary source of potential hazards for an operating fusion device. 
As part of the European fusion technology programme a series of European Activation Files (EAF) have been 
developed over the years to allow calculations of activation for fusion applications. EAF-2010 [15] has recently 
been released, and the remaining parts of the European Activation System (EASY-2010), such as the FISPACT 
inventory code, will be released at the end of the year. In the following discussion examples from EASY-2007 
[16], the still current full release, are considered. 
  EAF-2007 actually consists of several data files: cross section data for incident neut rons, protons and deuterons 
as well as decay data. The reason for including the charged particles and the extension of energy from 20 to 60 
MeV is the need to make calculations for the IFMIF materials testing facility [17]. Focusing on the neutron data, 
EAF-2007 contains data for 65,565 reactions on 816 targets and these are available in point -wise and multi-
group forms. Decay data are given for 2,231 nuclides. For each target the range of reactions is much larger than, 
for example, in EAF-2003 [18] which only extended to 20 MeV, now 86 reaction types are considered compared 
to the 23 previously. In order to describe these new reactions a range of additional MT numbers from 152 to 200 
are defined, these numbers are also used within the TALYS code. 
3. Data needs 
3.1. Fission applications 
    An extremely important attempt to define the data needs for advanced reactor systems and to undertake a 
comprehensive study of such needs for Generation-IV reactors was carried out by Subgroup 26 of the Working 
Party on Evaluation Co-operation (WPEC) of the OECD NEA [19]. This used a comprehensive sensitivity and 
uncertainty study to evaluate the impact of neutron cross section uncertainty on the most significant integral 
parameters related to the core and fuel cycle of a wide range of innovative systems covering designs within the 
Generation-IV initiative, the Global Nuclear Energy Partnership (GNEP) and the Advanced Fuel Cycle Initiative 
(AFCI). 
    This study used the best available covariance data, although it is acknowledged that this needs to be improved. 
The results can be summarised in terms of target accuracies for reactions for a type of system e.g. fast reactor. 
Thus for 238U in the energy range 2 – 25 keV the current accuracy of the neutron capture cross section needs to 
be reduced from 3-9 % to 1.5-2.0%. The report gives similar accuracies for the major and minor actinides as well 
as materials such as C, O, 23Na, 28Si and 56Fe. The general conclusions indicate that a wide range of targets  
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require improved data in order to be able to safely and economically design advanced fission reactors. Examples 
directly taken from reference [19] are: 
 fission cross sections of 234U, 237Np, 238,240-242Pu, 241,242m,243Am, 242-246Cm 
 capture of 235,238U, 237Np, 238-242Pu, 241,242m,243Am, 244Cm 
 inelastic scattering of 238U, 239,240,242Pu, 241,243Am, C, O, Na, 56Fe, Pb, Bi, 90Zr 
 elastic scattering of 238U, C, 15N, O, 52Cr, 56Fe, Pb 
Work aimed at making these improvements is being carried on within the regional initiatives as well as 
within WPEC where Subgroup 31, started earlier this year, has the title of ‘Meeting Nuclear Data Needs for 
Advanced Reactor Systems’. Additional work on minor actinides is also required especially if the op tion of 
transmutation is considered. The CRP currently organised by the IAEA on MANREAD [20] aims to clarify the 
experimental needs for minor actinide reactions. 
3.2. Fusion applications 
    A concise description of fusion technology nuclear data needs is given in reference [21]. This considers the 
materials important for ITER and IFMIF. The short term focus is on Test Blanket Module design and so the 
elements Li, Be, O, Si, Ti, Cr, Fe, Cu, Ta, W, Pb are considered to be of the highest priority. While all c ross 
sections are required, it is especially important that inelastic neutron-induced reactions, which require the use of 
double-differential cross section data to properly describe the energy-angle distributions of emitted secondary 
neutrons, are given in detail. In addition the general purpose files require photon production data for use in 
coupled neutron-photon calculations. 
    As noted above the EAF libraries have been produced specifically for activation in fusion applications. 
Although the complete EAF-2007 library contains data for 65,565 reactions, it is not likely that all of these are 
equally important for applications where quantities such as activity, dose rate or heat production following 
irradiation are important. Once the subset of important reactions is identified it becomes easier to determine 
which of these reactions requires further work. One way of deciding on which reactions are significant is to use 
the concept of importance diagrams [22]. 
Figure 1 shows the  dose rate importance diagram for iron. If pure iron is irradiated for 5 years with a mono-
energetic neutron flux of 1015 cm-2s-1, then at a given decay time a single nuclide typically contributes more than 
50% of the dose rate. In the figure regions of the decay time-neutron energy space are labelled by these dominant 
nuclides. Thus, for neutrons of energy > 0.5 eV and < 40 eV at decay times < 10,000 s then 56Mn contributes > 
50% of the dose rate. Note that there are three distinct regions labelled by 56Mn at these short decay times, at 
various energies. At other energies 54Mn or 59Fe dominate, while at energies > 40 eV and < 400 eV no single 
nuclide contributes more than 50% for these short decay times. In such a case it is usual for three nuclides to 
contribute significantly. It is typical that nuclides dominate at particular decay times giving a vertical band in the 
diagram (e.g. 55Fe dominates at about 1 x 108 s), although in many cases these bands are split into several distinct 
regions by other nuclides. Also there is generally a different set of nuclides that dominate at MeV energies 
compared to those that dominate at low energy, because of the importance of threshold rather than capture 
reactions.  
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Fig. 1.Iron  dose rate importance diagram. 
 
    This is a universal diagram, all neutron energies from 0.1 eV to 55 MeV are shown for decay times up to one 
million years. Although it is not demonstrated here, the topology of the regions is very insensitive to even qu ite 
large changes in flux and thus such diagrams summarise the activation properties of a material under a wide 
range of conditions. 
    By looking at each element in turn and considering not just  dose rate but activity and several other quantities 
it is possible to draw up a list of all the nuclides (termed ‘Primary nuclides’) that are important for activation and 
which appear in the various regions of the importance diagrams. Furthermore, if the pathways that are important 
in producing these Primary nuclides are calculated at a series of energies, then the important reactions can also 
be identified. This has been done, and the results are given in a very extensive Activation Handbook [23]. Note 
that ‘a pathway’ means the chain of reactions and decays from the parent to the daughter e.g. at 25.5 MeV the 
pathway 56Fe(n,p)56Mn contributes 90.0% of the 56Mn produced and 57Fe(n,d)56Mn contributes 9.5%; at the 
lower energy of  0.257 eV 54Fe(n, )55Fe( )55Mn(n, )56Mn contributes 96.9% of the 56Mn production. 
  In the Activation Handbook two summary tables list all the important nuclides and reactions and analysis 
shows that decay data for only 923 of the 2,231 nuclides are required to give a complete description of all 
irradiated elements. Similarly knowledge of only 5,105 reactions out of the total of 65,565 is sufficient to 
produce all these nuclides. While a large number of nuclides and reactions are required to make the library 
‘complete’, only a small proportion are really required to determine the activation  quantities of interest at all 
sensible decay times and for neutron energies up to 55 MeV. This means that efforts on improving the library 
can be focussed on the important nuclides and reactions. So far a detailed analysis of these important nuclides 
and reactions has not been made, but for an earlier study using EASY-2003, two papers ([24], [25]) give details 
of the data needs for cross sections and decay data. 
    Reference [24] gives a list of 65 reactions for which no experimental data exist, but which  should be 
measurable. A selection, with the highest priority, is shown in Table 1. A further list shows 35 reactions where 
there is a discrepancy between differential and integral data, some high priority examples are shown in Table 2.  
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Table 1: Some reactions with no data, [24]. 
 
Reaction 
20Ne(n,p)20F 
22Ne(n, )19O 
36S(n,2n)35S 
46Ca(n,2n)45Ca 
72Ge(n,2n)71Ge 
78Kr(n, )75Se 
84Kr(n,2n)83mKr 
104Pd(n,2n)103Pd 
132Xe(n, )129Te 
176Lu(n,n')176mLu 
180W(n, )181W 
190Os(n,2n)189mOs 
196Pt(n,2n)195mPt 
207Pb(n,n' )203Hg 
 
    Reactions such as those in Tables 1 and 2 are examples of specific data needs, but these are not exclusive and 
any new differential or integral data, particularly for reactions where no data exists or where there is a large 
spread of data, would be extremely valuable. 
 
Table 2: Some reactions with discrepant data, [24]. 
 
Reaction 
34S(n, )31Si 
37Cl(n,p)37S 
58Ni(n,t)56Co 
60Ni(n,2n)59Ni 
90Zr(n,p)90gY 
94Mo(n,p)94Nb 
177Hf(n,n')177nHf 
180Hf(n,2n)179mHf 
    The discussion above focuses on neutron-induced reactions, for IFMIF applications there is a need for similar 
comprehensive activation files for deuteron- and proton-induced reactions. While these do exist in EAF-2007 
[26] they were produced almost entirely from model calculations and there is a need to improve the data 
especially for important materials or where experimental data exist. 
  Some general points about data needs for activation libraries can be made. Since long -lived isomers can make 
significant contributions to radiological impacts it is important that for all reactions where the daughter nuclide 
exists as an isomer that the reaction is split and the appropriate values given to the cross sections for the 
production of the ground state and the isomer. This also means that it is necessary that the identification of the 
isomer must be identical in the decay data library and in the structure data used for calculations of the cross 
sections. While this principal was followed strictly for EAF-2007 where many total cross sections were split 
during library production; the increasing use of calculated data already containing split reactions means that very 
careful checks are required for future EAF files. 
    Another general issue is the representation of activation files. For files such as EAF-2003 which extends only 
up to 20 MeV it was convenient to extract data from general purpos e files and use the same MT values that are 
used in ENDF to identify particular reactions. Thus, using MT=107 for an (n, ) reaction was convenient and 
relatively unambiguous since reactions such as (n,n'h) and (n,2n2p) that produce the same daughter nuclide tend 
to have higher thresholds and thus make a negligible contribution. It was also convenient for comparing with 
collections of experimental data such as EXFOR [27], although it must be remembered that most activation 
measurements actually determine the amount of the daughter nuclide and so implicitly sum all reactions 
producing the same daughter. 
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    It would therefore appear sensible to represent the data as a cross section for the production of particular 
nuclides. This has not been done for EAF, firstly because it was easier for the processing code (SAFEPAQ-II 
[28]) and the main application code (FISPACT [29]) to keep the format unchanged and introduce additional MT 
numbers. Secondly, for activation it is important to keep track of gas production (i.e. the production of the 
isotopes of H and He) since these are respons ible for causing problems such as swelling in metals. There must be 
a splitting of a (n,n'p+d) reaction since the first part produces 1H, while the second gives 2H. Thirdly, there are 
some measurements which count the produced particles and therefore distinguish between the different parts of a 
total reaction. The approach followed in EAF seems sensible up to incident energies of about 60 MeV, for higher 
energies so many additional reaction channels open up that this approach becomes unfeasible. Of course t he new 
MT numbers (listed in the EAF documentation [30]) should be universally agreed within the ENDF community. 
Thus there is a need for data in an activation file to be given in an exclusive fashion, e.g. as (n,n'p) and (n,d), 
rather then just the sum, so that gas production can be correctly calculated. 
    Following on from this discussion is the wider one of how to represent data above 20 MeV in general purpose 
files. At present it is typical to change from a representation based on MT numbers to one us ing lumped cross 
sections at 20 MeV. Using the same approach as EAF it could be argued that the change over point be changed 
to 60 MeV, although some people feel that for unambiguous reactions such as (n,xn) it would be best to use an 
MT approach to the highest energy. This is also claimed to give advantages for the representation of covariance 
data. However, it must be noted that for the (n,xn) reactions there are only MT numbers defined for x=2, 3, 4 and 
so some extension of MT numbers would be required in any case.  
4. Data validation 
    An extremely important way of determining nuclear data needs is the feedback obtained from benchmarking 
or data validation. For fission applications the wide range of actual devices means that benchmarking is very 
closely linked to particular applications and often involves adjustments of the data libraries to ensure that the 
predictions for these reactions are adequate for everyday use. The literature on fission benchmarking is very 
extensive and no attempt to summarise it is made here. 
4.1. Fusion 
    In addition to the standard benchmarks using spheres or slabs of a single material in which simple quantities 
such as neutron leakage are measured and then compared with calculations using a transport code such as MCNP 
[31] and a general purpose library such as JEFF-3.1 [32]; there has been an extensive effort to carry out mock up 
experiments [33]. In such experiments a complex and large mock up of part of a fusion device e.g. a Test 
Blanket Module, is irradiated and measurements of the neutron flux are made as a function of depth in the 
beryllium block and the tritium production rate measured in the lithium composites. Fusion specific libraries 
such as FENDL-2.1 were used for the calculations. In order to get as much information as possible from such 
comparisons it has been necessary to include covariance data ‘borrowed’ from other libraries and to develop new 
tools such as MCSEN [34] to enable sensitivity calculations to be carried out. Such results are being used to 
guide the development of the FENDL-3 library. 
    Validation of the EAF activation libraries has followed a rather different approach. A range of materials have 
been irradiated in well defined neutron spectra and a series of gamma ray measurements made at various  decay 
times. From these the amounts of various nuclides formed can be found and compared with calculations made 
using an EAF library and the FISPACT inventory code. However, instead of reporting C/E for a particular 
nuclide, the pathway tools in FISPACT are used to determine the reactions responsible for the production of the 
nuclide. A report covering the validation work using EASY-2007 [35] gives full details of the methodology and 
results for 470 reactions. 
    Figure 2 presents the C/E values for the 65Cu(n,2n)64Cu reaction measured in six different neutron fields. The 
shaded band indicates the uncertainty of the EAF-2007 library while the error bars show the measured 
uncertainty for each experiment. In this case all the error bars overlap the error ban d indicating very good 
agreement of the EAF data with the integral measurements. 
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Fig. 2. Integral data for 65Cu(n,2n)64Cu. 
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Fig. 3. EXFOR data for 65Cu(n,2n)64Cu compared to EAF-2007. 
    Figure 3 shows the data extracted from EXFOR for the same reaction and again there is good agreement with 
EAF. This is an example of a validated reaction. In cases where there is not agreement between the two sets of 
data the reactions are described as discrepant; some examples were given in Table 2. For most reactions there is 
not so much integral data as in Figure 2, in many cases only data for a single spectrum exist. The complete report 
on 470 reactions provides valuable feedback to help in the construction of the next EAF library and discusses 
specific data needs. 
    Reference [35] contains an impressive number of reactions; however, in comparison with the complete EAF-
2007 library of 65,565 this is very small. Indeed if all the available data from EXFOR are also considered then 
less than 3% of the library is backed up by experimental data of any sort. Under such circumstances it is natural 
to consider other ways in which the quality of the whole library can be tested. 
  The Statistical Analysis of Cross Sections (SACS) method [36] has been developed to address this need. It 
considers various statistics such as the maximum cross section ( max), the energy at which the maximum occurs 
(Emax) and the width of the curve at half maximum ( ½) and plots these against the mass number (A) or 
asymmetry (s = (N-Z)/A) of the target as a scatter plot. Good correlations are usually seen and points 
significantly deviating from the trend line represent reactions whose data should be investigated and improved. 
This process was used extensively to improve EAF-2007 during the production of EAF-2010. A study of the 
important (n,p) and (n, ) reactions [37] indicates further improvements that need to be made; but also reveals the 
novel feature of a step in the width of (n,p) reactions as s increases, this is believed to be due to competition  
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between (n,p) and (n,n p) reactions. An example for the maximum cross section of the (n, ) reactions is shown 
in Figure. 4. In this figure there is good agreement of all reactions with the trend line indicating that all (n, ) 
reactions are physically sensible, at least in the region of their maximum cross section. 
 
 
Fig. 4. max(s) data for (n, ) reactions in the EAF-2010 library. Note that data for reactions with A < 20 have been excluded. 
A trend line is shown as an eye guide. 
5. Covariance data 
     The inclusion of covariance data into data libraries is a very active area of research at present and is an 
example of an urgent nuclear data need. Many data libraries such as the decay and activation special purpose 
ones contain estimates of the variance for particular quantities. When using these uncertainties it is assumed that 
all the quantities are uncorrelated and so typically the uncertainties are combined by summing the squares and 
then taking the square root. This neglect of correlation is acceptable  for simplified estimates but as the accuracy 
of data and codes improves it is really necessary to use a more correct treatment involving covariance matrices. 
This method allows for correlation between quantities, if two quantities are fully correlated then the uncertainty 
values are added (in the case of anti-correlation this can lead to two errors ‘cancelling out’). 
     A recent review of the various approaches and methodology to generate covariance matrices is given by 
Capote et al. [38], and some pertinent points from that reference are repeated here. 
There are many levels of correlation that can be considered: between the various energies in a single reaction; 
between reactions on the same target and between various targets. In addition covariances for many quantities 
such as energies and angular distributions are required. Procedures for including covariances in data libraries are 
being developed (e.g. the JENDL-4 library [5] already includes covariance information for all evaluations). 
However, new developments are needed for covariance data to be used consistently by application codes. 
     It is often forgotten that there is no right or wrong covariance matrix, only a more or less appropriate one (due 
to the fact that covariance is not a measurable quantity). In the end the assessment of correlations and levels of 
uncertainty are subjective and depend on the judgement and experience of the experimentalist or theoretician 
making the assessment. 
     The basis of much of the work on uncertainties is the compilation of experimental data, EXFOR, maintained 
by the IAEA. Using the tools available on the web site [27] plots of these experimental data and various 
evaluated data libraries can readily be plotted. Often there is considerable scatter in the data p oints, not 
necessarily because of poor experiments but because of the use of various monitor reactions whose data have 
changed over time. Currently there is work in progress to develop a renormalisation system that will allow the 
data to be updated based on new monitor data or changes in nuclide half-life. 
     Figure 5 shows the set of EXFOR data for 64Zn(n,p)64Cu, while Figure 6 shows how the data would look after 
carrying out a series of adjustments and selections. This example is taken from a report on dosimetry data 
evaluations [39], but it is expected that something similar will be available automatically in the near future.  
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Fig. 5. EXFOR data for 64Zn(n,p)64Cu. 
 
 
 
 
Fig. 6. Adjusted EXFOR data for 64Zn(n,p)64Cu. 
    Related to this is the work being carried out by the WPEC Subgroup 30 [40] which has the objective to 
remove errors from the EXFOR database and ensure that the data can all be easily read by computer codes. This 
effort and the adjustment tool for modifying the original EXFOR data will ensure that evaluators have consistent 
datasets that can be used in conjunction with model codes as input for evaluations. 
  A major factor in improving the output of computer modelling codes is the use of the IAEA Reference Input 
Parameter Library (RIPL) [12] database as the source of the input parameters including their estimated 
uncertainty. These parameters can be further adjusted, but by default they will yield a reasonable starting value 
for calculations. 
    Evaluation produces both the data and the estimate of uncertainty in the form of a covariance matrix. The most 
common approach is based on some form of least squares analysis either using only experimental data (simple 
least-squares (SLSQ) procedure) or allowing modelling knowledge to be included as a prior and then using the 
experimental data in a Bayesian method to produce the final result (generalized least -squares (GLSQ) approach). 
If both models and experimental data are used then the result is ‘smoother’ than if only experimental data are 
used since the stiffness of the models introduces additional correlations. 
    The other approach that shows merit but has only been applied in a limited way for evaluations involves a 
stochastic approach. An example of this method is in the production of the TENDL libraries. For these it is 
possible to consider not just the best value of a model parameter, but the parameter’s distribution and to sample 
from the distribution and calculate many results such as cross sections with these different values of parameters. 
The spread in resulting cross sections can then be used to produce a covariance matrix.  
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    Reference [38] gives many more details and examples of covariance matrices, but a completely different 
approach is that of Total Monte Carlo [41] which does not use covariance matrices, but rather by varying 
parameters produces random complete data files and then uses each one with an analysis code like MCNP to 
calculate a physical problem. The spread of results from these calculated results gives the required uncertainties 
directly. Although this is an elegant approach it requires a huge amount of computing power and so has been 
criticised as being impractical. Real results for a series of fusion neutronics benchmarks are presented in 
reference [41] which shows that the method has real potential and has a role to play in investigation effects that 
at present are too complex for the conventional covariance methods  to tackle. 
6. Non-technical issues 
    This paper has concentrated on the technical aspects of nuclear data needs. However, it could be argued that of 
greater importance is the need to actually carry out further work, both experimental and theoretical, to  coordinate 
these efforts and to ensure all the results are compiled or evaluated so they can be used efficiently. Further, such 
data need processing, documenting and distributing. The long history of nuclear data work means that the 
community has organised itself so all these functions are efficiently carried out but tend to have low visibility. 
However, the one thing that the data community cannot do is provide resources. At this time all organisations, 
both national and international, are struggling to find resources and to justify their programmes. Two factors 
working against the proper recognition of the importance of nuclear data are its very basic nature and the long 
times required to bring new work to completion. If, for example, water supplies were to become unavailable then 
society would instantly respond and adequate resources made available. But if nuclear data work were to cease 
there would not be widespread complaints, although with time the lack of data would become apparent and 
prove costly. Democratic societies tend to have a very short-term view and this means that essential 
infrastructure, and nuclear data fits well in this category, tends to be ignored in favour of short term solutions 
bringing instant, but limited, success. 
    Given this gloomy prognosis what can providers and users of nuclear data do to ensure its survival? Providers 
have already taken great steps in the efficient production of nuclear data and further reductions of resources at 
the national or international level mean that the resources will be below the minimum needed for such work to 
continue. Their main role, apart from continuing to produce relevant data, is to emphasise the importance of the 
work being done. 
    Data users, however, must make it clear to all stakeholders that unavailable or insufficiently accurate nuclear 
data will necessarily increase budgets for future construction projects because of enlarged safety margins. 
Moreover, as trained staff and experimental facilities are lost it becomes increasingly difficult and expensive to 
train and rebuild as the need for data becomes apparent again in the future. Moreover, new data needs develop as 
new systems are designed as evidenced by current nuclear data needs for Generation -IV advanced reactors. 
    Users must be aware that nuclear data are not ‘free’ resources that will always be present. Provision of such 
data requires adequate resources and support. They should complain loudly as cuts are suggested, such 
complaints are not particularly time consuming but can be very effective in influencing decisions which are very 
destructive but typically save little money. A single cut may not seem too serious, but taken together like ‘the 
death of a thousand cuts’ will prove to be fatal to the field of nuclear data. In su mmary, the roles of strong 
national programmes, robust international collaboration and adequate funding are vitally important and can be 
seen as the main needs to ensure progress and continuation of the provision of nuclear data.     
7. Conclusion 
    The fundamental role of nuclear data for nuclear energy technology is described. General and special purpose 
libraries of nuclear data are discussed. The latter include decay data, dosimetry and activation. Data needs for 
fission and fusion are outlined. The EAF-2007 neutron-induced cross section library has data for more than 
65,000 reactions, but it is shown how importance diagrams can be used to identify the subset of reactions (about 
5,100) that must be well known if calculations of activation properties are to be robust. This approach also 
identifies important reactions either having no, or only discrepant, data and some examples are given.  
    Specific data needs for activation files and the ways such data need to be represented in the files are discussed. 
Data validation, particularly the use of integral data, is another way to identify data needs and the work carried 
out to validate the EAF libraries is described. In a large activation library only a very small percentage of the 
reactions are supported by experimental data and the SACS approach to verify the various reaction types is 
outlined. The importance of uncertainty data is stressed and the need to include consistent  covariance data in the 
new generation of libraries is essential for nuclear technology. Various approaches to generating covariance 
matrices and the method of Total Monte Carlo are introduced. 
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    The non-technical issues relating to dwindling support for both national and international nuclear data 
programmes are serious and such reductions need to be resisted, particularly by data users. Support can be given 
in the first instance by informing stakeholders of the importance of nuclear data for all aspects of nuclear 
technology. 
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